A 77-year-old-man with renal cell carcinoma who was undergoing nivolumab treatment visited our department due to hyperglycemia; his plasma glucose level was 379 mg/dL. Although his serum C-peptide immunoreactivity (CPR) level was preserved (5.92 ng/mL), we suspected an onset of fulminant type 1 diabetes mellitus (FT1DM) and immediately started insulin therapy. His CPR levels gradually decreased and were depleted within 1 week. We later discovered that the patient's casual CPR level had been abnormally high (11.78 ng/mL) 2 weeks before his admission. Hence, the possibility of FT1DM in hyperglycemic patients undergoing nivolumab treatment should not be excluded, even with a preserved CPR level.
Introduction
Immune checkpoint inhibitors, such as anti-programmed cell death 1 (PD-1) antibodies, are increasingly being used as anticancer drugs. However, these antibodies can cause immune-related adverse events, including type 1 diabetes mellitus (T1DM) through their activation of autoreactive T cells (1) . Nivolumab-related T1DM reportedly manifests as fulminant type 1 diabetes mellitus (FT1DM), which is an emergency condition because patients develop ketosis or ketoacidosis within approximately 1 week. The fasting serum C-peptide immunoreactivity (CPR) level of patients with FT 1DM is usually <0.3 ng/mL (2) because the insulin secretion capability is destroyed immediately after the disease onset. Thus, clinicians may inadvertently rule out the possibility of FT1DM in hyperglycemic patients with preserved CPR levels. We herein report the case of a patient with nivolumab-related FT1DM who presented with a preserved serum CPR level at the onset of hyperglycemia.
Case Report
A 77-year-old Japanese man who was undergoing nivolumab treatment (3 mg/kg, once every 2 weeks) was referred to the endocrinology department of our hospital after developing hyperglycemia. He had no personal or family history of diabetes. He was being treated with nivolumab at our oncology department after previous courses of sunitinib, everolimus, axitinib, and pazopanib for renal cell carcinoma with lung metastasis. Despite receiving 4 lines of anti-cancer drugs, the patient developed progressive disease, which led to the prescription of nivolumab. No glucose intolerance was noted at that time; his casual blood glucose and glycated hemoglobin (HbA1c) levels were 112 mg/dL and 5.4%, respectively. On day 15 of the 6th cycle of nivolumab infusion, a blood test revealed hyperglycemia with a casual plasma glucose level of 379 mg/dL, whereupon he was re- ferred to our department. Although his insulin secretion appeared to be preserved with a serum CPR level of 5.92 ng/ mL, a diabetologist suspected the onset of FT1DM. The patient was hospitalized at our department the following day. The patient's consciousness was clear. A physical examination revealed the following findings: body temperature, 36.5°C; blood pressure, 130/72 mmHg; pulse rate, 73 bpm; and respiratory rate, 16/min. He was 172.2 cm tall and his body weight was 65.5 kg (body mass index, 22.1 kg/m 2 ). There were no abnormal findings on the patient's head, face, neck, chest, or abdomen and no neurological abnormalities were detected.
The patient's laboratory data are shown in Tables 1 and 2 . A urinary glucose was strongly positive, while a urinary ketone test was negative. Although the patient's casual blood glucose level was markedly high (379 mg/dL), his HbA1c level was 6.2%; furthermore, elastase 1 was the only elevated pancreatic enzyme. While the patient's fasting serum CPR level was not depleted on the 2nd day of hospitalization (2.97 ng/mL), the secretion of additional insulin during meal tolerance and glucagon loading tests appeared to be impaired. All pancreatic islet-associated autoantibodies, including anti-GAD antibody, were negative, and endocrinological testing revealed no abnormal findings. Further-more, there were no increases in virus titers. His HLA-DNA type was HLA-DRB1* 09:01:02/12:01:01, HLA-DQB1* 03: 01:01/03:03:02, HLA-DPB1* 05:01:01, and HLA-DQA1* 03:02/05:05. Imaging examinations revealed no evidence of infection or morphological abnormalities in the pancreas.
Although the serum CPR level appeared to be preserved, we considered the possibility of nivolumab-related FT1DM because there was no other explanation for the patient's hyperglycemia. Thus, we commenced intensive insulin therapy immediately after hospitalization. As shown in Figure, his serum CPR levels gradually fell to <0.3 ng/mL on the 8th day of hospitalization. Similarly, his urinary CPR levels decreased from 59.2 μg/day on day 2 to 9.9 μg/day on day 6. We subsequently discovered that his casual CPR level had been abnormally high (11.78 ng/mL with a blood glucose level of 118 mg/dL, at four hours after breakfast) 2 weeks before his hospitalization after examining a stored blood sample. By adjusting the amount of insulin according to his blood glucose levels, ketosis was averted. The patient was discharged from hospital on the 16th day of hospitalization with a prescription of 52 units of insulin daily. After his blood glucose level was stabilized, nivolumab treatment was resumed. Tumor regression continued to be observed at 6 months after this episode. The patient provided his written informed consent for the publication of this case report.
Discussion
We encountered a patient with nivolumab-related FT1DM whose CPR levels were not depleted at the time of the initial diagnosis of hyperglycemia; moreover, his CPR level had been abnormally high 2 weeks before his hospitalization.
The type of diabetes in this case was nivolumab-related FT1DM. FT1DM is characterized by a markedly rapid onset of hyperglycemia with ketoacidosis, with near-normal HbA1c levels despite the presence of severe hyperglycemia. A negative islet-related autoantibody status, the absence of insulin-secretion capacity, even at the onset of disease, and elevated serum pancreatic enzyme levels are also noted. According to the Japanese Diabetes Society guideline (2), the following criteria are required to confirm the diagnosis of FT1DM: 1) the occurrence of diabetic ketosis or ketoacidosis soon (approximately 7 days) after the onset of hyperglycemic symptoms; 2) a plasma glucose level of ! 288 mg/dL and a glycated hemoglobin level of <8.7% (National Glycohemoglobin Standardization Program value) at first visit; 3) urinary C-peptide excretion <10 μg/day or a fasting serum C-peptide level of <0.3 ng/mL and <0.5 ng/mL after intravenous glucagon (or after meal) load at the onset of disease. Neither DKA nor the absence of insulin secretion was observed in our patient at the time of his first visit to our department; this was possibly due to the timing of the patient's examination being in the very early stage after the onset of FT1DM. His glycated albumin (GA) level (18.9%) and GA/ HbA1c ratio (3.05) were relatively low in comparison to PG: plasma glucose, CPR: C-peptide immunoreactivity, GAD: glutamic acid decarboxylase, IA-2: tyrosine phosphatase-related islet antigen 2, IAA: insulin autoantibody, ZnT8: zinc transporter 8, HLA: human leukocyte antigen, TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine, GH: growth hormone, IGF-1, insulin-like growth factor-1, LH: luteinizing hormone, FSH: follicle stimulating hormone, ACTH: adrenocorticotropic hormone, PRL: prolactin, PRA plasma renin activity, PAC: plasma aldosterone concentration, EBVCA: Epstein-Barr virus capsid antigen, VZV: varicella zoster virus, CMV: cytomegalovirus previously reports on patients with FT1DM (GA: 23.6± 4.3%; GA/HbA1c ratio: 3.9±0.5) (3). Given that GA reflects short-term glycemic control (i.e., approximately 14 days), the patient's FT1DM may have been diagnosed before his GA levels rose and while his insulin secretion was still preserved. As such, he would likely have been diagnosed with DKA had he visited at a later time, given that his CPR level was exhausted within 1 week of hospitalization. That the patient was negative for islet-related autoantibodies and had elevated levels of elastase 1 supported the diagnosis of FT1 DM. Additionally, his HLA type (HLA-DRB1* 09:01-HLA-DQB1* 03:03) was previously reported to be associated with acute-onset T1DM (4). After ruling out other causes, such as viral infection or drug-induced hypersensitivity syndrome, the cause of FT1DM was deemed to be nivolumab treatment (5) . Given the patient's CPR level of 5.92 ng/mL, his ability to secrete insulin appeared to be preserved at the time of his first visit, which might have caused us to overlook the onset of FT1DM. Table 3 summarizes previously published case reports on PD-1 inhibitor-related T1DM, including DKA and changes in the serum level of CPR (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Most previously reported patients had depleted insulin secretion or DKA at their initial visit; 2 patients reported by Matsumura et al. and Saito et al. had preserved CPR levels without DKA (20, 21) . As with our patient, their subject's insulin secretion was gradually depleted. As mentioned above, the Japanese Diabetes Society criteria for the diagnosis of FT1 DM includes the absence of insulin secretion capacity, and FT1DM may be overlooked if a patient's CPR level appears to be preserved. Clinicians should therefore consider the possibility of FT1DM if sudden hyperglycemia is detected, even if the CPR level is not depleted; DKA can be prevented with prompt insulin treatment (as was observed in the present case). Although the number of patients treated with PD-1 inhibitors is increasing, many of the clinicians who use these drugs will not be endocrinologists; as such, our patient represents an exceptional educational example of PD-1 inhibitor-related T1DM. By examining a stored blood sample, we found that our patient's casual CPR level was abnormally high (11.78 ng/ mL) 2 weeks before his hospitalization. Few patients have exhibited transient hyperinsulinemia and hypoglycemia before the onset of T1DM (22) . As the etiology of nivolumabrelated FT1DM is thought to be the invasion of PD-1positive T cells into islet cells (23), hyperinsulinemia likely occurred as a result of pancreatic islet cell destruction. To the best of our knowledge, ours is the first patient reported to exhibit hyperinsulinemia before the onset of PD-1 inhibitor-related FT1DM. Our patient's course suggests that the destruction of pancreatic islet cells by nivolumab was already occurring 2 weeks before the detection of hyperglycemia. Although our patient did not experience hypoglycemia, our findings suggest that clinicians should consider the possibility of FT1DM when sudden hypoglycemia or hyperglycemia are detected, because the former may occur as a result of hyperinsulinemia due to the destruction of pancreatic islet cells.
Recently, the Japan Diabetes Society reported the characteristics and clinical course of anti-PD-1 antibody-related T1 DM (24) . According to this report, the insulin secretion capacity of most patients was exhausted at about 2-3 weeks after the onset of disease, which is slower than in patients with fulminant type 1 diabetes but faster than in patients with acute-onset type 1 diabetes. Our patient also had this characteristic. Because anti-PD-1 antibody-related T1DM varies from typical FT1DM to acute-onset T1DM, the authors proposed that it would be appropriate to consider anti-PD-1 antibody-related T1DM a distinct entity and to introduce a newly coined name for this entity (24) . Thus, our case also would be classified as a new type of T1DM in the future.
In conclusion, we encountered a patient with nivolumabrelated FT1DM in whom we observed a gradual change of serum CPR levels. Clinicians should not rule out the possibility of FT1DM in nivolumab-treated patients when detecting sudden hyperglycemia, even if the CPR level is not depleted.
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